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The Use of Prototypes in
Pre-Development Activities.

Introduction Prototypes are commonly used in design and development activities to
help understand aspects of an emerging design before it is complete. The use of
prototypes before development begins, however, is essentially non-existent. Why is
this so? Are prototypes simply a method for those who design and develop tangible
artefacts? In spite of their wide spread use and reports of beneficial impact, there is
surprisingly little theory or principles of prototyping. This lack of prototyping theory
and principles may be one reason prototypes are not considered for use in a wider
variety of situations such as strategy development or product planning. This research
project looks at how prototypes work in development activities and the nature of
strategy formation to identify potential applications of prototyping activity in the
formation of strategy.

Chris Conley
Illinois Institute of Technology

Method
An empirical research approach was used for this research. Twenty-five
professionals from product development and business strategy were interviewed.
Product developers provided answers to questions about the role, nature, and
benefit of prototypes in their professional practice of product development. They
articulated specific examples of situations and specific impacts the use of
prototypes had in that situation. Strategy professionals discussed characteristics of
the strategy development process including the nature of the activities and the goals
and characteristics of strategic plans. The interviews and a review of the literature in
prototyping and strategy were coded to provide a rich data set. Using the technique
of constant comparative analysis, the data were analyzed to develop preliminary
concepts of the value of prototypes, the characteristics of strategy formation, and
how prototyping might apply to strategy formation.
Results
Results of this work cover several topics. First, a preliminary assessment of the
particular role prototypes play and their value in development is presented.
Prototypes, being partial physical instances of ideas, embody information and
enable communication not possible with other forms of idea embodiment such as
text descriptions or diagrams. Second, strategy formation involves activities that are
similar to those in design. In response to a strategic problem, strategists look to
identify the elements of a situation (company, competition, etc.) and their existing
relationships. A strategy is an articulation of a new arrangement of those (and
possibly new) elements and relationships between them intending to improve the
situation. Because strategy works at a more general level, few professionals see how
prototypes might play a role in their activities. The third area of research results
relates the way prototypes work in development to their potential use in
strategy formation.
Conclusion
This research project, although modest in scope, demonstrates value of conducting
research on activities in the design process that are widely used, but for which little
theory or documented methods exist. From an initial goal of relating prototyping to
strategy formation, it was realized that little research exists on how or why prototypes
work. Prototyping is such a common activity in its narrow area of application that
designers of all types take it for granted. A better understanding of prototyping will
lead to its wider and more reliable use, resulting in improvements to the effective
use of design.
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1. INTRODUCTION
Product development. Product development is a core business process for any
organization whose growth depends on revenue from new products and services.
Product development has received considerable attention over the past ten years.
[Wheelwright & Clark 1992] Many of the methodological advances in product
development have focused on the process overall and individual methods that support
specific stages. [Wheelwright 1992; Cooper 2000]

For example, the Stage-Gate

process has been adopted by many organizations as a way to effectively move an idea
from initial concept through market launch.

A more specific method like the Pugh

Evaluation Matrix is used to help select the best candidate from alternative concepts.
[Pugh 1990]. These are process-oriented and analytic methods. But there are also
methods that are synthetic in nature. That is, they involve embodying ideas. While
synthetic methods focus on making something, they also help to advance the
development process and improve the quality of results.

Prototyping is one such

method and is used to embody concepts during development.
Prototyping.

There have been great advances in the technologies that allow

prototypes to be created in ever more rapid and defined ways. 3D printing is a term
used for the creation of a prototype by sending CAD data to a machine that “prints” the
part. This kind of prototyping, used in the detailed design stages of product
development, is one of the most active areas of research into prototyping. [Kai 2003]
However, the research is focused on the technology of 3D printing – the machines and
the materials.
Over the past ten years, as computers, software and Internet solutions have proliferated,
the need has grown for effectively prototyping interactive systems. These systems are
seen as fundamentally different than physical objects, and while principles of interaction
apply to both, new methods have developed that specifically address interactive
Author Name & Institution
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prototyping. Paper prototyping [Snyder 2003] is one example, where paper printouts
with hand written or drawn content are used to layout and test preliminary screen
designs and navigation between them.
With the emergence of the “customer experience” as a common topic throughout
business, efforts have been made to prototype experiences in addition to the specific
product under development. Experience prototyping [Buchena 2000] involves creating
situations, much like a stage set in a play, where people can engage in activities
supported by a variety of physical and digital props. The focus of the prototype is to
understand the quality of the user’s experience in the particular situation that is
represented by the prototype. Often the situation consists of environmental elements,
other products that exist there, other people or animals that would be present, and the
products or services for which the development is targeted.
Research questions. Prototyping is a key synthetic method that helps development
teams embody ideas and assess them. Can we develop an understanding of how and
why prototypes work? Is there a theory of prototyping? Can we develop a taxonomy of
prototypes? Can we develop a methodology that guides prototyping activities and in
doing so, improve its effectiveness? These questions, broader than what this particular
study can address, never the less are at the heart of this first initiative.

2. DEFINITIONS
What is meant by the term prototype? Webster’s Dictionary provides a workable
definition; “An original type, form, or instance serving as a basis or standard for later
stages.” Several aspects of this definition are worth emphasizing. “Original” implies
newness or something that hadn’t existed before. Prototypes, then, are not models of
something that already exists. They must embody new information, perhaps new
relationships. This newness can come from the content, the configuration, and the
resulting functionality of the prototype.
2
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“Type” refers to “an example or a model having the ideal features of a group or class; an
embodiment.” [Merriam-Webster 2003] Here, the definition refers to the goal of a
prototype to represent an ideal. A group or class signifies its purpose as representing
numerous instances, perhaps if only the numbers result from mass production.
The use of the term “form” indicates that the shape and structure of the prototype is
essential. It is the shape and structure of the prototype that determines many of its
essential characteristics. Compare this to a list of features. They cannot be considered
a prototype as they have no physical embodiment.
“Serving as a basis for later stages” suggests the prototype’s transient, but foundational
quality. While the prototype itself may become irrelevant, what it contributes to the
project carries on in the form of information that can be used for decision-making.
Two other terms, “model” and “simulation” are also used in a similar way as prototype.
Serious Play [Schrage 2000] discusses the use of each and emphasizes the growing
difficulty of making fine distinctions between them.

He establishes “model” as the

highest level of abstraction and includes prototypes and simulations as types of models.
Simulations are generally virtual models of a process. A flight simulator that is both
virtual process and physical embodiment, however, provides evidence for Schrage’s
argument that distinctions are blurring. Furthermore, a flight simulator does not have
the same “basis for later stages” that is so evident in a typical prototype used in product
development. A flight simulator is actually a final product useful for training purposes.
In this research, the term “prototype” is used for a general class of three dimensional
artifacts that are made for assessment to provide a basis for future stages. This
definition is not limited to prototypes in the product development or product engineering
processes.

3

April 2004

Future Ground 2004

Prototypes

3. METHODOLOGY
This study employed a survey of the literature in prototyping as well as ethnographic
interviews of professional practitioners.
One of the first insights that came from the literature review was that a theory of
prototyping simply does not exist. The literature in prototyping is primarily about what
people do and case studies of particular uses of prototyping. A field theory that helps to
organize key topics, questions, and lines of research into how and why prototypes work
does not seem to exist. Of course, the goal of this work is not to create new prototype
theory. Rather we are noting that this work does not start from any particular theoretical
framework as one has not yet been defined for prototyping.
Ten ethnographic interviews with a discussion guide were conducted with professionals
who made regular use of prototypes in their work activity. They were selected from
Fortune 500 companies where the quality of the product development process, the
resources devoted to it, and the people involved indicated a systemic use of prototypes.
The individual participants were not selected based on specific products or prototypes
they had developed. It is not known how successful the products have been that the
participants were involved in creating. However, all individuals have been a part of their
current organizations for five years or more and have participated in numerous product
development cycles.
The ethnographic interviews included both descriptive and structural questions.
[Spradely 1979] Descriptive questions included “grand tour” questions such as, “Can
you tell me about the roles prototyping plays in your organization?” and task-related
grand tour questions such as, “Can you describe how you present and discuss the
prototypes during a typical review?”

Structural questions helped identify specific

dimensions of the participants’ prototyping domain, “Can you tell me about the specific
activities involved in using prototypes at your organization?” Interviews lasted between
45 minutes and one hour and were audio recorded. In total, just under 10 hours of
4
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interview data were collected. The interviews were transcribed and coded into individual
statements for analysis.
Analysis of the interviews consisted primarily of making a domain analysis [Spradely
1979]. A domain analysis identifies the key concepts, symbols, and meanings that exist
in a target culture. For this study, a primary goal was to understand the primary cover
term of “prototype” and what meaning it had in relation to included terms such as
evaluation, preliminary ideas, communication, decision-making, etc. Another goal of the
analysis was to understand key dimensions on which prototypes operate.

4. PROTOTYPES AND THEIR VALUE
As was the case with exploratory conversations prior to the specific fieldwork, almost all
participants found it difficult to describe in general how prototypes are used in their
organization. “Anything I tell you -- it always depends because we don’t have a sort of
dogmatic prototyping or design process.” Most participants would provide particular
examples and over the course of the interview, articulate more general principles. This
reveals two important issues. First, practitioners do not have a general model of what
role prototyping plays in the organization. They can describe specific characteristics
and benefits of using prototypes, but they lack an overall organizing scheme. This is in
direct contrast to strategy, which was easily described by an overall purpose and even a
process.

Second, it highlights that as an activity, prototyping is of a finer grain.

Prototyping is used in the service of many development projects, but there is no overall
prototyping process that organizations seem to employ. It was stated repeatedly that
there is no one way to do a prototype.
There was also a clear distinction in the interviews between those who approached
prototyping as a tool for development and those who treated prototyping as a
representational activity. For those who saw prototyping as a tool for development, the
most important consideration was the issue or question the prototype would help
5
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“The prototypes really act as questions, not answers, and that is a very

important philosophical framework…” For those who approached prototyping primarily
as a representational activity, fidelity was the overall driving factor. “When we think of
prototyping, we think of making either representational models or functioning models. It
is not about discovery.”

In both cases, prototypes provide an invaluable tool for

development.
What is at the core of this value? Several fundamental concepts resulted from analysis
of the interviews. They are:
- Prototypes have a communication capacity that exceeds other media forms
- Prototypes operate first as a gestalt and secondarily as functional and aesthetic
features
- Far more than a “test” or “proof of concept”, prototypes enable discovery.
- The value of a prototype can be characterized as the information the prototype
provides divided by the effort required to produce it.
- Through their ability to generate new information and efficiently communicate it,
prototypes reduce the risk of development.
Communication capacitance. Throughout the interviews, participants emphasized the
“power” with which a prototype communicates.

“We can talk all day about various

concepts with people debating the pros and cons. But show them a prototype and the
conversation gets focused real fast.” “It doesn’t matter how good of a CAD model or
rendering we make, people just can’t understand the potential until they have something
to hold.”
We call this aspect of prototypes their “communication capacitance” making an analogy
to the concepts of energy, heat, and electrical capacitance. Capacitance is defined as,
“The property of a circuit element that permits it to store charge.” For prototypes, we
emphasize communication over information.

6
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information at all. It could be argued that the product specification has more information
in it. But it is clear from the use of prototypes that they communicate about potential of
the final product far more effectively than other kinds of media, including text, diagrams,
renderings, and CAD models.
Because of this communication capacitance, prototypes can “make or break” the further
pursuit of an idea. Reactions can be very positive or very negative. “I’ve had projects
where we did not put enough effort into the prototype and as a result, the idea was
interpreted very negatively. So much so, that we didn’t even get a chance to come back
with a refinement, which I was expecting all along.” It is because of this property that
the questions of whether or not to show prototypes and to whom is a critical one for
design and development teams.
Prototypes operate as a gestalt. When reviewing prototypes, people involved in the
review react initially based on what seems to be an immediate interpretation. This is an
important property of prototypes that is harder, if not impossible to achieve with text
descriptions or analytic diagrams. The term “gestalt” is used to describe this property.
A gestalt is “a structure, configuration, or pattern of physical…phenomena so integrated
as to constitute a functional unit with properties not derivable by summation of its parts.”
[Merriam-Webster Online Dictionary]
Why does a gestalt matter? Certainly, this immediate interpretation relates to how the
people who will purchase or adopt the product might interpret it. While a prototype is by
definition abstracted in one or more ways, its ability to be perceived at the level of a
gestalt helps those responsible for its development to better understand how others
may perceive the product.
It is possible to manipulate this gestalt by changing the components of the design, their
organization, and how they integrate. Note how the gestalt is different than the idea for
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the product itself. Gestalt is the perception of the idea and can be adjusted semiindependently of its purpose.
Prototypes Enable Discovery. All participants in the study emphasized that building a
prototype revealed unanticipated insights or helped them discover additional aspects.
Is this simply gaining new information from what could be considered a test or survey?
From the interviews it seems to be something more. Whereas information from test
relates to predetermined issues, prototypes seem to reveal fundamentally new issues of
which the development team was previously unaware. That is, some of the issues that
a prototype reveals have as yet to be taken into account.

This has the effect of

improving what is known about the concept in question and contributing additional value.
“One aspect {of prototypes} is the kind of the accidental benefit of {making} them, and
some would say this is not accidental at all, but that you can predict it. We have had
experiences where a prototype around one particular idea has led to insights about an
adjacent idea. Prototypes can certainly be used to answer and validate the intended
questions or concerns of the development team, but they can also lead to insights and
on occasion, lead to other benefits or other dimensions of value that were unintended.”
The Value of Prototypes. Participants in the study referred to a particular ratio several
times. “How much can you do in how little time?” “What question are you asking and
what is the most efficient way of getting there?” These questions are trying to make a
tradeoff between quality of information and investment of resources. “When you get
backed up to the wall, it is important to identify what parameters you are trying to get
feedback on.”
This suggests a theoretical measure of prototype value is possible. Let Q be the quality
of information that is obtained from doing the prototype and R be the resources invested.
The value, V, of a particular prototype can be represented as:
V=Q/R
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We can view Q, the quality of information, to be a function of the relevance of the
question addressed by the prototype and how uncertain the potential answer is.
[Reinertsen 1997] For organization’s to improve the value they receive from prototyping
activity, they need ways of maximizing V.
Prototypes Reduce Risk. Product development is inherently risky. In fact, most new
product development projects fail to provide a return on their investment [Cooper 1999].
Prototypes are a key mechanism to reduce this risk. “If you are talking about product
design and prototyping, it is primarily to validate design concepts with customers. But
one step above that, at a higher level, we really see it as a de-risking process -- so that
it eliminates the risk of making poor choices among tradeoffs in product development.”
“If we weren’t using prototypes, we would be taking huge risks on things like user
feedback or interface, on user satisfaction. We would be taking risks on the chance that
someone would buy something, get it home and experience it and go – oh, this is
horrible – and bring it back to the store or even the risk at the store shelf level
somebody saying – uck, I am not going to buy that and then buy somebody else’s
product. Most of our risk comes in missing an opportunity with a customer because we
missed the mark or we didn’t hit the target that we wanted to hit or didn’t communicate
what we want to communicate.”
The risk in product development is that the invested resources yield no return.
Prototypes, through their ability to develop information about the potential success of a
product reduce this risk. There is an obvious opportunity to develop a model that helps
quantify this value and support investment decisions about prototypes.
8. SUMMARY and FUTURE WORK
This study attempted to develop a preliminary understanding of prototype activity
through interviews with professionals who use prototypes regularly. A review of the
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literature indicated that there is no theory of prototyping that provides an analytic
framework. As a result, the interviews were helpful in identifying several preliminary, but
fundamental aspects of prototyping.
Several initiatives are being pursued as a result of this work. The first is a series of
more specific studies on the use of prototypes. Research questions include, “Can we
create a taxonomy of prototypes?; How is it determined what prototype should be
made?; How are prototypes evaluated and what information do they provide?
Steeped in a craft tradition, prototyping seems to hold too much value to continue
practicing it without an understanding of its fundamental concepts, its value, and how it
works.

10

April 2004

Future Ground 2004

Prototypes

BIBLIOGRAPHY
[1]

Buchena, M. and Fulton-Suri, J. “Experience Prototyping” Proceedings of DIS ’00.
Association for Computing Machinery. New York. 2000.424:433.

[2]

Cooper, R. Product leadership: creating and launching superior new
products. Perseus Books. Cambridge, Mass. 1999.

[3]

Kai, C.C., Fai, F.K., Lim, C.S. Rapid Prototyping: Principles and Applications.
2nd Edition. World Scientific. 2003.

[4]

Pugh, S. Total Design. Addison-Wesley, New York. 1990.

[5]

Reinertsen, D. Managing the design factory: a product developer's toolkit.
Free Press. New York. 1997.

[6]

Schrage, M. Serious play : how the world's best companies simulate to
innovate. Harvard Business School Press. Boston, Mass., 2000.

[7]

Snyder, C. Paper prototyping: fast and easy way to design and refine user
interfaces. M. Kaufmann Pub. San Diego, CA. 2003.

[8]

Spradely. P. The ethnographic interview. Holt, Rinehart and Winston. New York.
1979.

[9]

Wheelwright, S., Clark, K. Revolutionizing product development: quantum
leaps in speed, efficiency, and quality. Free Press. New York. 1992.

[10] Merriam-Webster's Collegiate Dictionary, 11th Edition, Merriam-Webster, Inc.;
11th edition. 2003.

11

April 2004

